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(57) ABSTRACT 

A method for identifying mitochondrial heteroplasmy Within 
eukaryotic cells is provided. This method includes means for 
isolating and capturing a single mitochondrion from at least 
one eukaryotic cell, Wherein the means for isolating and 
capturing a single mitochondrion further includes optical 
tWeeZers or a similar optical technology; means for analyzing 
the isolated and captured mitochondrion, Wherein the means 
for analyzing the isolated and captured mitochondrion further 
includes a DNA ampli?cation system and a sequencing sys 
tem for amplifying and sequencing DNA extracted from the 
mitochondrion; means for identifying at least one mitochon 
drial heteroplasmy of interest; and means for using the DNA 
ampli?cation and DNA sequencing systems to determine the 
presence or absence of the mitochondrial heteroplasmy 
Within the eukaryotic cell from Which the mitochondrion Was 
obtained. 
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ISOLATION AND CHARACTERIZATION OF 
A SINGLE MITOCHONDRION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application is a division of US. patent 
application Ser. No. 12/038,313 ?led on Feb. 7, 2008 and 
entitled “Isolation and Characterization of a Single Mito 
chondrion”, Which claimed the bene?t of US. Provisional 
Patent Application Ser. No. 60/891,777 ?led on Feb. 27, 2007 
and entitled “Isolation and Analysis of a Single Mitochon 
drion With Optical TWeeZers”, the disclosures of Which are 
incorporated by reference herein in their entirety and made 
part of the present U.S. utility patent application for all pur 
poses. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention is related to Work supported by the 
United States Government under Contract No. 
N0001406IP20022 aWarded by the United States O?ice of 
Navy Research. The United States Government may have 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] The described invention relates in general to meth 
ods for studying biological systems, and more speci?cally to 
a system and method for isolating a single mitochondrion 
isolated from a eukaryotic cell for the primary purpose of 
identifying one or more speci?c mitochondrial heteroplas 
mies in the cell from Which the mitochondria Was obtained. 
[0004] In cell biology, a mitochondrion (plural mitochon 
dria) is a membrane-enclosed organelle found in most 
eukaryotic cells. These organelles are typically about 1-10 
pm in siZe and are often described as “cellular poWer plants” 
because they generate most of the cell’s supply of adenosine 
triphosphate (ATP), Which is used as a source of chemical 
energy. In addition to supplying cellular energy, mitochondria 
are involved in a range of other processes, including signal 
ing, cellular differentiation, cell death, as Well as the control 
of the cell cycle and cell groWth. Mitochondria have been 
implicated in several human diseases and may also play a role 
in the aging process. The number of mitochondria in a cell 
varies Widely by organism and tissue type. Some cells may 
have only a single mitochondrion or very feW mitochondria, 
Whereas others can contain several thousand mitochondria. In 
humans, the mitochondria may contain about 615 distinct 
proteins, depending on the tissue of origin. Although most of 
a cell’s DNA is contained in the cell nucleus, a mitochondrion 
has its oWn independent genome. 
[0005] The human mitochondrial genome is a circular 
DNA molecule of about 16 kilobases. It encodes 37 genes: 13 
for subunits of respiratory complexes I, III, IV, andV, 22 for 
mitochondrial tRNA, and 2 for rRNA. One mitochondrion 
can contain a variable number of copies of its DNA. As in 
prokaryotes, there is a very high proportion of coding DNA 
and an absence of repeats. Mitochondrial genes are tran 
scribed as multigenic transcripts, Which are cleaved and poly 
adenylated to yield mature mRNAs. Not all proteins neces 
sary for mitochondrial function are encoded by the 
mitochondrial genome; most are coded by genes in the cell 
nucleus and imported to the mitochondrion. Thus, a mito 
chondrial disorder canbe secondary to a mutation in either the 
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nuclear DNA or in the mitochondrial DNA. The exact number 
of genes encoded by the nucleus and the mitochondrial 
genome differs betWeen species. 

[0006] The entire human mitochondrial DNA (mtDNA) 
sequence has been determined. See, e.g., Anderson, et al., 
“Sequence and organiZation of the human mitochondrial 
genome”, Nature 290, 457 (1981); AndreWs, et al., and 
“Reanalysis and revision of the Cambridge Reference 
Sequence for human mitochodrial DN ”, Nature Genetics 
23, 147 (1999). Mitochondrial genetics differ from nuclear 
(standard or Mendelian) genetics. Virtually all the mtDNA of 
a Zygote is derived from the oocyte, and mtDNA disorders are 
transmitted by maternal inheritance. Maternal-linked (matri 
lineal) relatives presumably have identical mtDNA 
sequences, except perhaps at the site of a neW mutation. 
Additionally, the mtDNA mutation rate is substantially 
higher than that of the nuclear DNA. Most cells contain 
doZens to thousands of mitochondria, and each mitochon 
drion contains several copies of mtDNA, resulting in high 
mtDNA copy number. 

[0007] A Wide variety of clinical manifestations are due to 
mutations in mitochondrial DNA, but are dif?cult to diagnose 
due to the varied clinical picture and the lack of sensitive or 
speci?c diagnostic testing. Past efforts to document mtDNA 
mutations in children believed to have mitochondrial disor 
ders have been hampered by the siZe of the mitochondrial 
genome and the presence of numerous benign polymor 
phisms. Mitochondrial mutations can be single point muta 
tions, or larger mutations deletions, insertions, rearrange 
ments or duplications). Clinical mitochondrial dysfunction 
may be de?ned as idiopathic neuromuscular or multisystem 
disease, biochemical signs of energy depletion, and lack of 
another diagnosis. Mitochondrial disorders are evidenced 
When the cellular supply of energy is unable to keep up With 
demand and symptoms predominate in tissues With the high 
est energy requirements, such as brain and muscle. Mitochon 
drial disorders are most commonly displayed as neuromus 
cular disorders, including developmental delay, seiZure 
disorders, hypotonia, skeletal muscle Weakness and cardi 
omyopathy. Other manifestations Which have been reported 
include gastroesophageal re?ux, apnea, optic atrophy, deaf 
ness, acute liver failure, diabetes mellitus, and other hormonal 
de?ciencies. Disorders such as MELAS (mitochondrial 
encephalomyopathy With lactic acidosis and stroke-like epi 
sodes), MERRF (myoclonic epilepsy With ragged-red ?bers) 
and LHON (Leber’s hereditary optic neuropathy) all result 
from single point mutations in the mtDNA genome. 
[0008] Mammalian mitochondrial DNA (mtDNA) under 
goes mutations at a higher rate than nuclear DNA. If all the 
mtDNA has the same mutation, the DNA is called homoplas 
mic; but a mixture of Wild type and mutation is designated 
heteroplasmic. Thus, heteroplasmy is de?ned as the presence 
of a mixture of more than one type of an organellar genome 
(mitochondrial DNA or plastid DNA) Within a cell or indi 
vidual. The presence and degree of heteroplasmy is important 
in diagnostic medicine because heteroplasmies have been 
linked to mitochondrial-based diseases such as those listed 
above, Which are maternally inherited. Since eukaryotic cells 
can contain hundreds of mitochondria With hundreds of cop 
ies of mtDNA, it is possible for single point mutations to 
affect only some of mitochondria and not others, thus giving 
rise to heteroplasmic mitochondrial genomes Within a single 
individual. 
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[0009] Mitochondrial DNA (mtDNA) heteroplasmies are 
Well documented at the multi-cell level; however, PCR and 
DNA sequencing (the recognized standard for determining 
the presence of heteroplasmy) can typically only distinguish 
heteroplasmy if it is present at least in 20% of the sample. The 
importance of detecting loW frequency mutations is demon 
strated by a number of cases in Which a mother may not have 
a detectable mutation nor exhibit any symptoms of a mtDNA 
disease, yet her child does have the mutation and the mito 
chondrial DNA disease symptoms. In such cases, it is likely 
that the mutated genome copy number in the mother Was too 
loW to verify the presence of a mitochondrial DNA mutation 
using conventional methods. Most tissue studies in a typical 
genetic screening begin With millions of mitochondrial DNA 
copies as Well as nuclear DNA, Which adds to the overall 
complexity of the sample. By reducing the sample to a single 
mitochondrion and eliminating all other mitochondria and 
nuclear DNA, the mitochondrial DNA mutations found in a 
single mitochondrion Will become detectable. Also, the 
detectable presence of heteroplasmy may differ depending on 
the type of tissue being examined meaning that not all tissue 
samples Will yield consistent and reproducible results. Thus, 
there is a need for a sensitive and reliable method of testing a 
subject for risk of developing mitochondrial dysfunction or 
disease based on the presence or absence of mitochondrial 
heteroplasmy Within their cells. 

SUMMARY OF THE INVENTION 

[0010] The following provides a summary of certain exem 
plary embodiments of the present invention. This summary is 
not an extensive overvieW and is not intended to identify key 
or critical aspects or elements of the present invention or to 
delineate its scope. 
[0011] In accordance With one aspect of the present inven 
tion, a system and method for characterizing a single mito 
chondrion is provided. This system includes optical means 
for isolating and capturing a single mitochondrion from a 
eukaryotic cell; and means for analyzing the isolated and 
captured mitochondrion, Wherein the means for analyzing the 
isolated and captured mitochondrion typically includes a 
DNA ampli?cation means and a DNA sequencing means. 
[0012] In accordance With another aspect of the present 
invention, a system and method for identifying mitochondrial 
heteroplasmy Within eukaryotic cells is provided. This sys 
tem includes means for isolating and capturing a single mito 
chondrion from at least one eukaryotic cell, Wherein the 
means for isolating and capturing a single mitochondrion 
further includes means for creating and operating optical 
tWeezers or a comparable optical technology; means for ana 
lyzing the isolated and captured mitochondrion, Wherein the 
means for analyzing the isolated and captured mitochondrion 
further includes a DNA ampli?cation system and a sequenc 
ing system for amplifying and sequencing DNA extracted 
from the mitochondrion; means for identifying at least one 
mitochondrial heteroplasmy of interest; and means for using 
the DNA ampli?cation and DNA sequencing systems to 
determine the presence or absence of the mitochondrial het 
eroplasmy Within the eukaryotic cell from Which the mito 
chondrion Was obtained. 

[0013] In yet another aspect of this invention, a system and 
method for characterizing a single mitochondrion is pro 
vided. This method includes providing at least one eukaryotic 
cell containing mitochondria; treating the at least one eukary 
otic cell to release the cytoplasm therefrom, Wherein the 
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cytoplasm contains cellular organelles; isolating a single 
mitochondrion from the cellular organelles using optical 
tWeezers or another optical technology; capturing the single 
mitochondrion isolated With the optical tWeezers; treating the 
single mitochondrion to release mtDNA therefrom; selecting 
a target region Within the mtDNA; amplifying the target 
region of the mtDNA; and sequencing the target region of the 
mtDNA to determine the nucleotide sequence thereof. The 
sequence of the target region is then compared to a knoWn 
mitochondrial heteroplasmy for determining the presence or 
absence of the mitochondrial heteroplasmy Within the 
eukaryotic cell and Within the organism from Which the cell 
Was obtained. 

[0014] Additional features and aspects of the present inven 
tion Will become apparent to those of ordinary skill in the art 
upon reading and understanding the folloWing detailed 
description of the exemplary embodiments. As Will be appre 
ciated by the skilled artisan, further embodiments of the 
invention are possible Without departing from the scope and 
spirit of the invention. Accordingly, the ?gures and associated 
descriptions are to be regarded as illustrative and not restric 
tive in nature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying ?gures, Which are incorporated 
into and form a part of the speci?cation, illustrate one or more 
exemplary embodiments of the invention and, together With 
the general description given above and detailed description 
given beloW, serve to explain the principles of the invention, 
and Wherein: 
[0016] FIGS. 1A-B graphically illustrate the difference 
betWeen a mtDNA heteroplasmy at the mitochondrial level 
and at the cellular level. 
[0017] FIG. 2 is an illustration of an exemplary optical 
capture system. 
[0018] FIGS. 3A-D are a series of photographic images of 
an exemplary mitochondrion isolation and capture process in 
accordance With to the present invention. 
[0019] FIGS. 4A-F provide DNA sequencing data obtained 
from a single mitochondrion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Exemplary embodiments of the present invention 
are noW described With reference to the Figures. Reference 
numerals are used in the detailed description to refer to the 
various elements and structures. In other instances, Well 
knoWn structures and devices are shoWn in block diagram 
form for purposes of simplifying the description. Although 
the folloWing detailed description contains many speci?cs for 
the purposes of illustration, a person of ordinary skill in the art 
Will appreciate that many variations and alterations to the 
folloWing details are Within the scope of the invention. 
Accordingly, the folloWing embodiments of the invention are 
set forth Without any loss of generality to, and Without impos 
ing limitations upon, the claimed invention. 
[0021] In general terms, the present invention provides a 
system and method for isolating a single mitochondrion from 
the organelles found in the cytoplasm of a eukaryotic cell and 
amplifying and sequencing a target region of DNA Within the 
genome of the mitochondrion for identifying at least one 
speci?c mitochondrial heteroplasmy in the cell and/ or organ 
ism from Which the mitochondria Was obtained. As previ 
ously stated, an exemplary method of this invention includes 
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the general steps of providing at least one eukaryotic cell 
containing mitochondria; treating the at least one eukaryotic 
cell to release the cytoplasm therefrom, Wherein the cyto 
plasm contains cellular organelles; isolating a single mito 
chondrion from the cellular organelles using optical tWeeZers 
or another optical technology; capturing the single mitochon 
drion isolated With the optical tWeeZers; treating the single 
mitochondrion to extract mtDNA therefrom; selecting a tar 
get region Within the mtDNA; amplifying the target region of 
the mtDNA; and sequencing the target region of the mtDNA 
to determine the nucleotide sequence thereof. The sequence 
of the target region is then compared to a knoWn mitochon 
drial heteroplasmy for determining the presence or absence of 
the mitochondrial heteroplasmy Within the eukaryotic cell 
and Within the organism from Which the cell Was obtained. 
Having generally described this invention, a further under 
standing can be obtained by reference to a speci?c example 
detailed beloW, Which is provided for purposes of illustration 
only and is not intended to be all inclusive or limiting unless 
otherWise speci?ed. 

Example 
[0022] The HL-60 cell line Was used for the set of experi 
ments comprising this example. The HL-60 (Human promy 
elocytic leukemia cells) cell line is a leukemic cell line that 
has been used for laboratory research on hoW certain kinds of 
blood cells are formed. The cell line Was derived from a 
3 6-year-old Woman With acute promyelocytic leukemia at the 
National Cancer Institute and provides a continuous source of 
human cells for studying the molecular events of myeloid 
differentiation and the effects of physiologic, pharrnacologic, 
and virologic elements on this process. HL-60 cells, at the 
multi-cell level, contain a C/T heteroplasmy at np 12071 
(Levin, et al., Milochondrion 2, 387-400 (2003)). The ratio of 
the Wild type genome to the mutant genome is approximately 
50:50 at the multicell level. FIGS. 1A-B depict tWo possible 
types of heteroplasmic distribution, Wherein FIG. 1A depicts 
a mtDNA heteroplasmy at the mitochondrial level and FIG. 
1B depicts a mtDNA heteroplasmy at the cellular level. The 
arroWs indicate the location of the genetic mutation. 
[0023] HL-60 cells (ATCC CCL-240) Were maintained in 
liquid culture plates at 370 C., 5% CO2 and moisture in a 
groWth medium (10% fetal bovine serum, 100 u/mL penicil 
lin G, 100 ug/mL streptomycin sulfate and 0.25 ug/mL 
amphotericin B in RPMI-1640M Without glutamine). To 
acquire single mitochondria for ampli?cation and sequenc 
ing, one mL of this culture Was pelleted (14,000 RPM cen 
trifugation, 1 min), and the pellet Was resuspended in 1 mL 
groWth medium (RPMI-1640 described above) containing 
0.1 uM Mitotracker Green FM (Invitrogen, Inc.) in DMSO. 
The cells Were incubated (370 C., 15 min), pelleted again, and 
Washed (2><1 mL fresh groWth media). Cells Were resus 
pended in 1 mL fresh groWth media at an appropriate dilution 
and stored at 40 C. in preparation for optical tWeeZers extrac 
tion. 
[0024] With reference noW to FIG. 2, a 120 pL Well Was 
created by mounting a #0 coverslip to a microscope slide 110 
containing a 1 cm hole by using vacuum silicone grease. A 10 
[LL sample of the prepared HL-60 culture Was mixed With 1 10 
pL of PBS buffer (137 mM NaCl, 10 mM sodium phosphate, 
2.7 mM KCl, pH 7.2), and the solution Was pipetted in the 
Well. The cells in solution Were alloWed to settle doWn onto 
the glass cover slip. The cell concentration after settling Was 
typically about 1 cell per 1 m2. An inverted microscope 112 
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(Axiovert 100, Carl Zeiss) Was used to vieW the contents of 
the slide; once the cells settled, a CCD camera 114 Was used 
to visualiZe the ?uorescence of mitochondria stained With 
Mitotracker Green excited by an Ar+ laser 116 at 488 nm. 
Individual cells 1 18 Were lysed With a pulsed (5 ns) UV laser 
120 at 355 nm. A 500 mW infrared laser 122 at 1064 nm (IPG 
Photonics) Was used to optically trap each mitochondrion 
particle 124, Which Was identi?ed by ?uorescence excitation. 
FIG. 2 graphically depicts an exemplary system 100 for iso 
lating and capturing a single mitochondrion 124 Wherein an 
Ar+ laser 116 tuned to the 488 nm line (?uorescence), a 1064 
nm NDzYAG ?ber laser (trap) 122, and a 355 nm (UV) fre 
quency tripled NDzYAG pulse laser 120 are all coupled into 
the back aperture of a 100><NA 1.4 oil-immersion objective 
126. To acquire a single mitochondrion particle 124 for geno 
typing analysis, a femtopipette tip 128 (Eppendorf, Inc.) With 
an attached pump 130 (Femtojet, Eppendorf, Inc.) Was posi 
tioned less than 1 micron from the trapped mitochondrion 124 
With a micromanipulator 132 and positive pressure Was ?rst 
applied to prevent capillary action. The positive pressure Was 
then reduced as the optical tWeeZers 134 Were shuttered to 
draW the mitochondrion up into the tip 128. The contents of 
the Femtotip 128 Were transferred into a 250 pL PCR tube 
containing 10 [LL ddH2O using positive pressure. The end of 
the Femtotip 128 in this process Was broken and only this end 
fragment Was carried With the PCR tube and sample. FIGS. 
3A-D are images from a video sequence of the mitochondrion 
capture process. FIG. 3A shoWs an HL-60 cell; FIG. 3B 
shoWs a lysed HL-60 cell; FIG. 3C shoWs a single mitochon 
drion (arroW) trapped and near a micropipette; and FIG. 3D 
shoWs the mitochondrion (arroW) inside the tip of the 
micropipette. 
[0025] Each sample consisting of the end piece of the Fem 
totip and its single mitochondrion Was sonicated (Branson 
Soni?er 450) With 2 second pulses for 2 minutes at 30% 
intensity. Heat (950 C., 10 min) Was used to further lyse the 
mitochondrion. Mitochondrial DNA Was then subjected to 
three rounds of PCR using 0.4 mM of each of the four deoxy 
nucleotides (dATP, dCTP, dTTP and dGTP) and 2.5 units Taq 
DNA polymerase folloWing the manufacturer’s protocol (Go 
Taq reagent, Promega, Inc.). The PCR amplicons Were puri 
?ed after each 35 cycle program using QIAquick columns 
(Qiagen, Inc.) according to the manufacturer’s protocol. The 
amplicon Was eluted With ddH2O. One to 5 pL of the ampli 
con Was used in the subsequent PCR ampli?cations. The 
volume Was dependent upon the success of the ampli?cation 
reaction as visualiZed by agarose gel electrophoresis (see 
beloW). Exemplary primer sequences are shoWn in Table 1. 

TABLE 1 

PCR primer information. 

Nucleotide 
Primer Position* Sequence 

1]? 11760 5‘ ACGAACGCACTCACAGTCG 3‘ 

(SEQ ID NO: 1) 

1R 12189 5‘ AAGCCTCTGTTGTCAGATTCAC 3‘ 

(SEQ ID NO: 2) 

21? 11779 5‘ CATCATAATCCTCTCTCAAGG 3‘ 

(SEQ ID NO: 3) 

2R 12176 5‘ AATCTGATGTTTTGGTTAAAC 3‘ 

(SEQ ID NO: 4) 
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TABLE 1 — cont inued 

PCR primer information. 

Nucleotide 
Primer Position* Sequence 

3F 15 5‘ CACCCTATTAACCACTCACG 3v 

(SEQ ID NO: 5) 

3R 484 5‘ TGAGATTAGTAGTATGGGAG 3v 

(SEQ ID NO: 6) 

[0026] All positive PCR ampli?cation controls contained 
the appropriate primer set and 1.6 ng HL-60 total DNA 
(ATCC-CCL 240D). All PCR negative controls contained the 
appropriate primer set but lacked any ampli?able DNA. A 
thermocycler (9700 or 2400, Perkin Elmer Inc.) 140 Was used 
in all PCR ampli?cations. Typical PCR parameters Were: 95° 
C. for 10 min, 35 cycles (940 C. for 20 sec, 50° C. for 20 sec, 
72° C. for 40 sec), and 72° C. for 7 mins. All PCR reactions 
Were analyZed With 2% agarose gels in TBE (100 mM Tris, 90 
mM boric acid and 1 mM EDTA, pH 8.3) and stained With 0.5 
ug/mL ethidium bromide. 
[0027] Sequencing system 150 Was utiliZed by mixing 1 ul 
of the ?nal puri?ed amplicon from a single mitochondrion 
With 0.5 uM 1P, 2P or 3F (depending on Which primer set Was 
used for ampli?cation in round 3) and 8 ul BigDye Terminator 
v1.1 Cycle Sequencing Kit (Applied Biosystems, Inc.) 
according to the manufacturers protocol. Sequencing reac 
tions Were conducted using the folloWing thermocycler 
parameters: 25 cycles of 96° C. for 15 sec, 50° C. for 5 sec, 
and 60° C. for 2 min; hold at 4° C. Products Were puri?ed 
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using the Performa DTR gel cartridge (Edge Biosystems) 
eluted With 20 ul ddHZO, and dried in a vacuum microcentri 
fuge (SpeedVac, Sorvall, Inc.) for 1.5-2 hours at medium 
heat. TWenty pL of Template Suppression Reagent (Applied 
Biosystems, Inc.) or formamide Was added to each sample 
and separated by capillary gel electrophoresis (310 Genetic 
Analyzer, Applied Biosystems, Inc.). Sequence Navigator 
v1.0.1 (Applied Biosystems, Inc.) Was used for sequence 
alignment. 
[0028] The sequences of individual amplicons from single 
mitochondria are shoWn in FIG. 4A-E. FIG. 4A shoWs the 
presence of a heteroplasmy (located at position 12071) at the 
single mitochondrial level With approximate equal abundance 
of T and C. FIG. 4B-C shoW the presence of a heteroplasmy 
at the single mitochondrial level With C being more abundant. 
FIG. 4D-E shoW a heteroplasmy With T being more predomi 
nant. These results demonstrate that heteroplasmy exists at 
the mitochondrial level. FIG. 4F represents the heteroplasmy 
as sequenced from single cells Which Where isolated using 
optical tWeeZers and analyZed according to the system and 
methods of the present invention. 
[0029] While the present invention has been illustrated by 
the description of exemplary embodiments thereof, and While 
the embodiments have been described in certain detail, it is 
not the intention of the Applicant to restrict or in any Way limit 
the scope of the appended claims to such detail. Additional 
advantages and modi?cations Will readily appear to those 
skilled in the art. Therefore, the invention in its broader 
aspects is not limited to any of the speci?c details, represen 
tative devices and methods, and/ or illustrative examples 
shoWn and described. Accordingly, departures may be made 
from such details Without departing from the spirit or scope of 
the applicant’s general inventive concept. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 6 

<2ll> LENGTH: 19 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<400> SEQUENCE: l 

acgaacgcac tcacagtcg 

<2lO> SEQ ID NO 2 
<2ll> LENGTH: 22 

<2l2> TYPE: DNA 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<400> SEQUENCE: 2 

aagcctctgt tgtcagattc ac 

<2lO> SEQ ID NO 3 

<2ll> LENGTH: 21 

<2l2> TYPE: DNA 

Synthetic 

19 

Synthetic 

22 
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—cont inued 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<400> SEQUENCE: 3 

catcataatc ctctctcaag g 

SEQ ID NO 4 
LENGTH: 21 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

primer 

<400> SEQUENCE: 4 

aatctgatgt tttggttaaa c 

SEQ ID NO 5 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

primer 

<400> SEQUENCE: 5 

caccctatta accactcacg 

SEQ ID NO 6 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

primer 

<400> SEQUENCE: 6 

tgagattagt agtatgggag 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

21 

Synthetic 

21 

Synthetic 

20 

Synthetic 

20 

What is claimed: 
1) A method for identifying mitochrondrial heteroplasmy, 

comprising: 
(a) providing at least one eukaryotic cell, Wherein the cyto 
plasm of the at least one eukaryotic cell contains mito 
chondria, Wherein the mitochondria contains mitochon 
drial DNA, and Wherein the mitochrondrial DNA is 
heteroplasmic; 

(b) providing a laser for lysing the at least one eukaryotic 
cell to release the cytoplasm and mitochondria there 
from; 

(c) providing optical tWeeZers, Wherein the optical tWee 
Zers are operative to isolate and capture a single mito 
chondrion from the mitochondria in the cellular cyto 
plasm released from the least one eukaryotic cell; 

(d) providing a femtopipette tip having a pump attached 
thereto, Wherein the femtopipette tip and pump are 
operative to acquire the single mitochondrion; 

(e) providing a sonicator and heat source, Wherein the 
sonicator and heat source are operative to release the 
mitochondrial DNA from the single mitochondrion; 

(f) providing a series of primers, Wherein the primers are 
operative to amplify target regions of the mitochondrial 
DNA using polymerase chain reaction; and 

(g) a providing a sequencing system, Wherein the sequenc 
ing system is operative to determine the nucleotide 
sequence of each ampli?ed target region, and Wherein 
comparison of the nucleotide sequences of the ampli?ed 
target regions With knoWn mitochrondrial sequences 
demonstrates the presence of mitochrondrial hetero 
plasmy Within the eukaryotic cell from Which the single 
mitochondrion Was obtained. 

2) The method of claim 1, Wherein the mitochrondrial 
heteroplasmy is associated With at least one speci?c disease 
state or condition of interest. 

3) The method of claim 1, Wherein the at least one eukary 
otic cell is a mammalian cell. 

4) The method of claim 1, Wherein the laser for lysing the 
at least one eukaryotic cell to release the cytoplasm and 
mitochondria therefrom is a pulsed (5 ns) UV laser. 

5) The method of claim 1, Wherein the optical tWeeZers 
further include a 1064 nm NdzYAG ?ber laser operating at 
about 1064 nm With about 1 W of poWer. 



US 2011/0281269 A1 

6) The method of claim 1, wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 1 and SEQ ID 
NO: 2. 

7) The method of claim 1, Wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 3 and SEQ ID 
NO: 4. 

8) The method of claim 1, Wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 5 and SEQ ID 
NO: 6. 

9) A method for identifying mitochrondrial heteroplasmy, 
comprising: 

(a) capturing at least one eukaryotic cell, Wherein the cyto 
plasm of the at least one eukaryotic cell contains mito 
chondria, Wherein the mitochondria contains mitochon 
drial DNA, and Wherein the mitochrondrial DNA is 
heteroplasmic; 

(b) using a laser to lyse the at least one eukaryotic cell to 
release the cytoplasm and mitochondria therefrom; 

(c) using optical tWeeZers to isolate and capture a single 
mitochondrion from the mitochondria in the cellular 
cytoplasm released from the least one eukaryotic cell; 

(d) using a femtopipette tip having a pump attached thereto 
to acquire the single mitochondrion; 

(e) using a sonicator and heat source, Wherein the sonicator 
and heat source are operative to release the mitochon 
drial DNA from the single mitochondrion; 

(f) using a series of primers to amplify target regions of the 
mitochondrial DNA using polymerase chain reaction; 
and 

(g) using sequencing to determine the nucleotide sequence 
of each ampli?ed target region, and 

(h) comparing the nucleotide sequences of the ampli?ed 
target regions With knoWn mitochrondrial sequences to 
demonstrate the presence of mitochrondrial hetero 
plasmy Within the eukaryotic cell from Which the single 
mitochondrion Was obtained. 

10) The method of claim 9, Wherein the mitochrondrial 
heteroplasmy is associated With at least one speci?c disease 
state or condition of interest. 

11) The method of claim 9, Wherein the at least one eukary 
otic cell is a mammalian cell. 

12) The method of claim 9, Wherein the laser for lysing the 
at least one eukaryotic cell to release the cytoplasm and 
mitochondria therefrom is a pulsed (5 ns) UV laser. 

Nov. 17, 2011 

13) The method of claim 9, Wherein the optical tWeeZers 
further include a 1064 nm NdzYAG ?ber laser operating at 
about 1064 nm With about 1 W of poWer. 

14) The method of claim 9, Wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 1 and SEQ ID 
NO: 2. 

15) The method of claim 9, Wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 3 and SEQ ID 
NO: 4. 

1 6) The method of claim 9, Wherein the primers include the 
nucleotide sequences set forth in SEQ ID NO: 5 and SEQ ID 
NO: 6. 

17) A method for identifying mitochrondrial heteroplasmy, 
comprising: 

(a) providing at least one eukaryotic cell, Wherein the cyto 
plasm of the at least one eukaryotic cell contains mito 
chondria, Wherein the mitochondria contains mitochon 
drial DNA, and Wherein the mitochrondrial DNA is 
heteroplasmic; 

(b) lysing the at least one eukaryotic cell to release the 
cytoplasm and mitochondria therefrom; 

(c) isolating and capturing a single mitochondrion from the 
mitochondria in the cellular cytoplasm released from the 
least one eukaryotic cell; 

(d) releasing the mitochondrial DNA from the single mito 
chondrion; 

(e) amplifying at least one target region of the mitochon 
drial DNA; 

(f) determining the nucleotide sequence of the ampli?ed 
target region, and 

(g) comparing the nucleotide sequence of the ampli?ed 
target region With knoWn mitochrondrial sequences to 
demonstrate the presence of mitochrondrial hetero 
plasmy Within the eukaryotic cell from Which the single 
mitochondrion Was obtained. 

18) The method of claim 17, further comprising the step of 
labeling the mitochondria With a ?uorescent dye. 

19) The method of claim 17, Wherein the target region 
includes a least one mutation in the mitochondrial DNA, and 
Wherein the at least one mutation is associated With at least 
one disease state or condition of interest. 

20) The method of claim 17, Wherein amplifying the target 
region of DNA further includes the use of polymerase chain 
reaction. 


